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Different theories have been put forward during the last
decade to explain the functional meaning of sleep and
dreaming in humans. In the present paper, a new theory is
presented which, while taking advantage of these earlier
theories, introduces the following new and original aspects:

» Circadian rhythms relevant to various organs of the body
affect the reciprocal interactions which operate to maintain
constancy of the internal milieu and thereby also affect the
sleep/wakefulness cycle. Particular attention is given to the
constancy of natraemia and osmolarity and to the permissive

Sleep and dreaming in humans are discussed as important
functions for the maintenance of a newly proposed composite
state: that of ‘predictive psychic homeostasis.’

On the basis of these assumptions, and in accordance with
the available neurobiological data, the present paper puts
forward the novel hypothesis that sleep and dreaming play
important functions in humans by compensating for psychic
allostatic overloads. Hence, both consolatory dreams and dis-
turbing nightmares can be part of the vis medicatrix naturae,
the natural healing power, in this case, the state of eudemonia.

role that the evolution of renal function has had for the evolu-
tion of the central nervous system and its integrative actions.

- The resetting of neuro-endocrine controls at the onset of
wakefulness leads to the acquisition of new information and
its integration within previously stored memories. This point is
dealt with in relation to Moore-Ede’s proposal for the existence
of a ‘predictive homeostasis.’

- The concept of ‘psychic homeostasis’ is introduced and
is considered as one of the most important states since it is
aimed at the well-being or eudemonia, of the human psyche.

General Premises

It is suggested that a basic distinction should be made between
sleep and dreaming, even though these two phenomena usu-
ally coincide and are functionally correlated. This distinction is
particularly relevant in view of a new theory of sleep' in which
it is suggested that the homeostatic regulation of sleep is not at
the level of the whole organism but occurs in any recently active
brain region. In particular, a sleep-like state can exist in cortical
neuronal assemblies or columns. Hence, these cortical columns
of the brain might be the minimal units which manifest a sleep-
like state. In agreement with such a view, it has been shown' that
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not only do the cortical columns enter a sleep-like state after a
period of intense activity but that their sleep-like state may also
favor the entry into a similar state of those cortical columns
to which they are connected. This serial entry into sleep may
depend on both wiring and volume transmission communica-
tion modes: that is, via neural projections and synaptic contacts
(Wiring Transmission; WT), and via diffusion of chemical and
electrical signals within the extra-cellular space of the brain
(Volume Transmission; VT).?? The interplay between WT and
VT may have a role not only in the pattern of oscillation between
different functional states within a cortical column, but also in
the cross-talk between cortical columns. Thus, as discussed by
Kruger and collaborators,' several substances act as sleep promot-
ers not only at the subcortical level but also at the cortical level
by a local changing of the electrical properties of neurons and
thereby altering their input-output relationships.

It should be underlined that although these data support
the hypothesis that sleep can be a property of local neuronal
assemblies, they do not deny the fundamental importance of a
central coordinator of sleep/waking states, such as a timing or
clock mechanism. This latter is evident in the suprachiasmatic
nucleus, which provides a “standard time” not only for neuronal
assemblies but also for all peripheral tissues.* Thus, although we
shall discuss the relevance of peripheral circadian clocks affecting
the integrative functions of entire brain systems via neural affer-
ences, endocrine signals and chemico-physical parameters of the
internal milieu, it should also be considered that this ‘extended
orchestra’ has a ‘central conductor’.

Phenomenological Aspects of Sleep in Mammals

The sleep of mammalian species can be broadly classified into
two distinct types: non-rapid eye movement (NREM) sleep and
rapid eye movement (REM) sleep. The latter is characterized not
only by periodic bursts of rapid eye movement but also by the
occurrence of electrical waves in the pons (P), the lateral genicu-
late nuclei of the thalamus (G), and the occipital cortex (O)—
the so-called PGO waves’’ In primates and cats, NREM sleep
has been subdivided into 4 stages (1-4) corresponding, in that
order, to increasing depth of sleep.® As NREM sleep progresses,
pulses of EEG activity begin to slow in frequency. In particu-
lar, throughout stage-2 NREM, there is the presence of pulsed
electrical events, including K-complexes (large electrical sharp
waves in the EEG), and sleep spindles (short synchronized bursts
of EEG electrical activity in the 11-15 Hz range).” The deep-
est stages of NREM, stages 3 and 4, are often grouped together
under the term “slow wave sleep” (SWS), characterized by the
occurrence of low frequency waves (0.5-4 Hz), representing an
expression of underlying mass synchrony of electrical discharges
in the cortex.

In humans, NREM and REM sleep alternate with a “cycle” of
about 90 min throughout the night. However, early in the night,
stages 3 and 4 of NREM predominate, whereas stage-2 NREM
and REM sleep prevail in the lacter half of the night. During
REM sleep, EEG waves are associated with oscillatory activity in
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the theta band range (4-7 Hz) together with more rapid 30-80
Hz synchronous activity in the gamma range of the EEG.%’

The NREM and REM stages of sleep have been shown to be
associated with different patterns of neurochemical activation of
the Central Nervous System (CNS). Compared with the wake-
ful state, in NREM sleep, subcortical cholinergic systems in the
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brainstem and forebrain become markedly less active,
during REM sleep cholinergic systems become as active, or even
more active, compared with wakefulness.'*"? By contrast, during
REM sleep, the firing rates of serotonergic raphe neurons and
noradrenergic locus coeruleus neurons are strongly inhibited,
resulting in a brain state largely devoid of aminergic modulation
(reviewed in ref. 14) and dominated by acetylcholine. (For the
early characterization of the role of 5-Hydroxytryptamine and
noradrenergic neurons in the sleep-wakefulness cycle, see espe-
cially ref. 15-17.) Hence, when cholinergic REM-‘on’ cells are
activated, aminergic REM-‘off” cell-groups are inhibited, and
vice versa. Summing up, regulation of the REM/NREM sleep
cycle is governed by two major ensembles of transmitter-iden-
tified neurons that act in an antagonistic fashion to turn ‘on’ or
turn ‘off” REM sleep.!82°

Activation patterns of entire brain areas can be revealed by neu-
roimaging techniques (reviewed in ref. 21). These have revealed
a'markedly different pattern of brain area activation/deactivation
associated with NREM and REM sleep. Deactivation has been
observed during NREM SWS in the brainstem, thalamic, basal
ganglia, prefrontal and temporal lobe regions. By contrast, dur-
ing REM sleep, marked activity has been reported in the pontine
tegmentum, thalamic nuclei, occipital cortex, mediobasal pre-
frontal lobes, together with limbic regions such as the amygdala,
hippocampus and anterior cingulate cortex.*

On the Functional Meaning of Sleep and Dreams

The findings reported above give a rather detailed description of
CNS phenomena associated with sleep. However, the ultimate
meaning of sleep, and even more of dreams, has not been clari-
fied.”® Dreams during either REM and NREM sleep in humans
seem to simulate opposing types of social interactions. It has been
reported that dreamer-initiated aggressive social interactions are
more characteristic of REM than of NREM sleep, and that
dreamer-initiated friendliness is more characteristic of NREM
than of REM sleep.?

Studies based on comparative physiology (and, hence, based
on a comparative analysis of the structure of the brain and sleep
architectures in different species) have not given clear-cut answers
to the possible functional meanings of sleep. Such studies, by
evaluating brain differences in different species and the specific
tasks for which each species is specialized, could in principle offer
important hints about the basic mechanisms to which sleep, as
a whole-brain function, is supposed to contribute. However,
although several interesting data have been obtained, no general
consensus has been reached on the functional meaning of sleep.
Indeed, there are important articles which undermine the notion
of there being any functional explanation. This is because of the
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The organism takes up nutrients from the external environment, to which it also
delivers the end-products of its metabolism. Its cells exchange material with the
medium with which they are in direct contact, and thus contribute to the

INTERNAL MILIEU

MULTI-CELLULAR
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II Environment
\
/~\‘
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The cells perform their functions efficiently if and only if the physico-chemical
parameters (e.g., glucose concentrations, p0O2, pCO2) of the internal milieu of the
organism have optimal and almost constant values. Maintenance of these conditions
within the internal milieu is by a process of HOMEOSTASIS.

By this means, unexpected changes in the milieu can be up- or down-regulated so

that the optimum is restored

THE VARIOUS ORGAN SYSTEMS OF THE ORGANISM COOPERATE IN HOMEOSTASIS, THE MAIN REGULATORS OF WHICH
RESIDE IN THE NERVOUS AND ENDOCRINE SYSTEMS

CENTRAL NERYOUS SYSTEM & ENDOCRINE SYSTEM CONTROL ALL THE ORGAN SYSTEMS OF THE HUMAN BODY

CERTAIN SYSTEMS (e.g., Cardiovascular, Renal, Respiratory, Locomotor,.. Peripheral Glands) AFFECT
THE MAIN PHYSICO-CHEMICAL PARAMETERS OF THE INTERNAL MILIEU AND FEEDBACK SIGNALS
BACK TO THE REGULATORY SYSTEMS TO WHICH THEY ARE CONNECTED

:

THE VALUES OF THE INTERNAL MILIEU PARAMETERS ARE RESET BY THESE FEEDBACK MECHANISMS,
RESTORING OPTIMUM CONDITIONS IN THE INTERNAL MILIEU. ABSENCE OF CORRECT FEEDBACK MECHANISMS

AFFECTS CELL FUNCTIONS AND SURVIVAL, WHICH IN TURN CAN CONTINUE TO AFFECT THE COMPOSITION OF
THE INTERNAL MILIEU OF ENTIRE ORGANS AND, HENCE, COMPROMISE THESE SYSTEMS AND THEIR FUNCTIONS

plished by changes in the performance of relevant organ systems.

Figure 1. Upper Part: Schematic representation of the concept of the Internal Milieu (that is, the medium in contact with the cells of a multi-cellular
organism), and of the concept of homeostasis. Lower Part: box representation of some main logical steps involved in the homeostatic process and of
the relevance of feed-back signals, that is, of signals which inform the control systems of the ‘load error’ (discrepancy between the observed value of
a physico-chemico parameter and its optimal value) which needs to be compensated for in order to restore optimal parameters. This can be accom-

inter-specific variation in both the total time spent asleep and
in the relative proportions of time spent in REM and NREM
sleep. For example, as pointed out by Capellini,** there are no
significant correlations between the time spent in specific sleep
states (NREM or REM), brain size, metabolic rate and devel-
opmental variables. In other words, functional explanations
for inter-specific variation in sleep durations are unsustainable,
and hypotheses that invoke energy conservation, cognition and
development as being the drivers of sleep variations between dif-
ferent species should be abandoned.*

Recently, it has been proposed that ecological variables are
the main determinants of sleep duration and sleep architecture
across species. Hence, sleep can be seen as an acquired or adap-
tive, state for the suppression of activity at times of day that (a)
have maximal predator risk, (b) provide minimal opportunity
for the efficient accomplishment of vital needs and (c) enable
an increase of overall bodily efficiency by decreasing muscle
tone and both brain and body metabolism during periods of
inactivity.”

On the basis of these assumptions, it is understandable that,
in each species, sleep might have somewhat different features and
functions. Hence, sleep may have its own multi-factorial set of
variables interconnected with the total wakefulness/sleep cycle,
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as well as having a characteristic structure which relates to the
ecological variables encountered by the species in question.

Summing Up at this Point

Sleep/wakefulness cycling appears to be a complex cyclical and
hierarchical phenomenon of the CNS which operates, at a high
level, upon the circadian rhythms of peripheral organs. However,
to qualify this conclusion somewhat, the reciprocal interactions
between brain and peripheral organs in the sleep/wakefulness
cycle have also to be considered. In the present paper, it is sug-
gested that sleep serves many functional needs which, never-
theless, have a common motif: to restore the chemico-physical
parameters of the internal environment, and to reset the optimal
functional conditions of the peripheral apparatuses involved in
maintaining homeostasis (Fig. 1 and see also below). In addition,
during sleep, an updating takes place, on the basis of the wakeful-
ness experience, of the control mechanisms of the neuro-endo-
crine systems, and of those which are ‘intrinsic’ to some other
physiological systems (see below for the renal apparatus).

The mentioned updating of control mechanisms can be
viewed in the light of Moore-Ede’s proposal for the existence
of “predictive homeostasis”, i.c., of anticipatory adaptations of
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homeostatic reactions to future probable challenges.?® In order to
carry out an efficient updating process based on the wakefulness
experience, the neuronal networks should be in an ‘off-line’ con-
dition. In particular, sleep updating of the control mechanisms
should be considered not only in the light of classical homeo-
stasis—that it is, to correct physiological or patho-physiological
changes which have already occurred (‘reactive’ homeostasis
according to Moore-Ede classification)—but updating should
also admit a ‘predictive’ component based on circadian rhythms
and on experiences during wakefulness, especially those which
hint at probable new challenges. This type of ‘predictive homeo-
stasis’ can operate also at the peripheral organ level, as mentioned
above and discussed below.

The order of the sections which follow (sections 1—4) is in
accordance with the above-mentioned fundamental motifs which
drive sleep. Hence, the themes to be discussed are as follows:

(1) In connection with the possible role of sleep in resetting
neuro-endocrine controls and in tuning autonomic responses
to stress stimuli, the hypothesis is advanced that sleep may also
tune the range of Heart Rate Variability (HRV) and, hence, lead
to an increased capability of coping with stressors.”’? As a mat-
ter of fact, subjects showing high levels of HRV perform better
under stressful conditions. Contrariwise, reductions in HRV
have been found-in depression, anxiety and post-traumatic stress
disorders.?**"/An interesting pathological case is the association
between Post-Traumatic-Stress-Disorders (PTSDs), alterations
in the autonomic control and endocrine secretion patterns by the
anterior pituitary, and sleep/dream disturbances.’*®

(2) The special role of sleep for the homeostatic control of the
ion composition of the internal environment, in”particular-of
osmolarity, will be emphasized. As proposed by Homer Smith in
his fascinating book, ‘From the Fish to the Philosopher’,*® the evo-
lution of the kidney is seen as crucial for the evolution of the CNS
by allowing a precise maintenance of a constant internal environ-
ment as a prerequisite for proper organ functioning in general,
and for the human brain in particular.’”? The sleep period could
allow resetting of the volume, ionic composition, and osmolar-
ity of the extra-cellular fluid, especially that of the CNS, given
that the kidney modulates these variables. As mentioned above,
the existence of circadian rhythms in peripheral organs, which
could affect the sleep/wakefulness cycle, should also be consid-
ered. These ‘peripheral rhythms™ might be thought of as being of
a lower hierarchical order and thus subordinate to the circadian
thythm imposed by the brain.

(3) The possible role of sleep in memory-trace formation and
consolidation, thus allowing an updating of the control mecha-
nisms on the basis of experiences during wakefulness, will be
examined. Sleep has been postulated as a ‘cleansing procedure’,
erasing memory traces of disturbing influences which may cause
maladaptive responses.®” In this context, the effect of PTSDs on
memories of fearful states, and of disturbances to sleep architec-
ture, will also be discussed in relation to the role of sleep in the
consolidation of fear memories in the amygdala.

(4) The hypothesis will be introduced that the role of sleep
and dreaming is functional, and is aimed at the maintenance of
the composite state of ‘predictive psychic homeostasis’ (PPH). As
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mentioned above, the PPH concept can be deduced from the con-
cept of ‘predictive homeostasis’ of the internal milieu, and from
the concept of ‘psychic homeostasis’. They are merged within the
unitary frame of PPH thanks to Jacob’s concept of ‘evolutionary
tinkering’.“*“! In fact, it will be suggested that even if one (or more
than one) mechanism lies behind the wakefulness/sleep cycle in
various species, including humans, then this mechanism might
have been deployed differently in different species as a result of
evolutionary tinkering. In particular, human sleep and dreams
may have been tinkered in order to fulfil a new and important
function: namely, that of psychic homeostasis, which, in predic-
tive mode, leads to eudemonia.

The scheme in Figure 2 summarizes the main aspects to be
discussed in the present article. The two main players are shown
in double-framed boxes where they are labeled as ‘composition
of the internal environment’ and ‘integrative actions of the com-
plex cellular networks in the brain’. One of the assumptions of
the present paper is that sleep should be investigated in the light
of the inter-relationships between these two entities, as indicated
by the double-line arrows in the scheme. As indicated above,
these inter-relationships can be different from species to species.
This means that the same concept of homeostasis can assume
particular connotations in different species (as ‘exaptations’)
including humans where; in accordance with evolutionary forces,
a new complex sphere—that of the psyche—has appeared. This
last aspect points to one of the main topics for exploration in the
future: the fundamental role of PPH for well-being or eudemonia,
of the human psyche.

Possible Role of Sleep in Resetting
the Neuro-Endocrine Controls

Several findings demonstrate the reciprocal relationships
between the brain and the peripheral organs. These are based on
observations concerning the bidirectional connections mediated
by endocrine signals®“ in relation to PTSDs.*

Sleep and HPA hormone secretion. As indicated in the
scheme of Figure 2, the main endocrine output of the brain is
the pituitary gland. Activity of this gland has a profound effect
not only on the secretions from peripheral endocrine glands but
also on organs and tissues as different as kidney (ADH; Renin-
Angiotensin®), heart (GH*), skeletal muscle (GH*). The level
of hypothalamic-pituitary-adrenocortical (HPA) hormones not
only shows a circadian pattern which depends on the sleep/wake-
fulness cycle,*®* but it also, in turn, affects this cycle. As might
be expected, the administration of various HPA hormones and
their antagonists bring about specific sleep-EEG changes in sev-
eral species, including humans.>® Our review of data in the lit-
erature has focused on the connections between both brain and
kidney, and brain and adrenal gland (especially cortisol secre-
tion) in view of the two respective main functional attributes of
these interconnections, respectively, natraemia and osmolarity
of the internal environment, and the responses to stress.

The circadian pattern of HPA production affects also the
renin-angiotensin-aldosterone system (RAAS) since adreno-
corticotropic hormone is a common stimulus for cortisol and
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Figure 2. Schematic representation of the main functional connections between the composition of the internal environment and the integrative
actions of the complex cellular networks in the brain, as they relate to sleep and dreaming.

aldosterone release. In addition, cortisol release is suppressed by
mineralo-corticoid receptor agonists; and angiotensin II releases
both corticotrophin releasing hormone (CRH) and vasopressin
from the hypothalamus. In particular, it has been shown that
renin and aldosterone (ALDO) secretion are synchronized to the
REM-NREM cycle.* Moreover, during sleep the plasma renin
activity (PRA) reaches its maximal levels. Actually, in young
normal male subjects, PRA shows oscillations with a 90 min
period and having a distinct association with the cycles of REM
and NREM sleep periods,” and with a particular increase dur-
ing NREM sleep stages 3 and 4, and a decrease during REM
sleep. These findings are in agreement with previous data in
reference 53, which demonstrated that the sleep period displays
high mean ALDO levels, pulse amplitude and frequency that
are reduced during waking periods. During sleep, ALDO pulses
are mainly related to PRA oscillations, whereas they are mainly
associated with cortisol pulses during waking periods. It is also
important to underline that acute sleep-deprivation induces
natriuresis and osmotic diuresis, leading to excess nocturnal
urine production, especially in men.?

36 of a cen-

All these data support Homer Smith’s assumption
tral role being played by the homeostasis of the internal envi-
ronment with respect to osmolarity (and ion composition). The
data also support the hypothesis concerning the relevance of
these parameters for a sleep/wakefulness cycle in relation to the

evolution of CNS complexity.
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As far as the effects of HPA hormones on ‘psychic homeosta-
sis’ are concerned, several studies have characterized the circa-
dian secretion of anterior pituitary hormones in stress and mood
disorders. In particular, impaired sleep and enhanced stress
hormone secretion are the hallmarks of stress-related disorders,
including major depression. The central neuropeptide CRH is
a key hormone that regulates humoral and behavioral adapta-
tion to stress. Its prolonged hypersecretion is believed to play a
key role in the development and course of depressive symptoms.
CRH has profound actions on sleep/wakefulness, and it is well
documented that CRH impairs sleep and enhances vigilance. In
addition, CRH may promote REM sleep, whereas acute cortisol
administration inhibits REM sleep™ and increases SWS and GH
(probably due to feedback inhibition of CRH). Furthermore, in
healthy humans, repeated intravenous (i.v.) injections of CRH, as
well as continuous iv. infusion of ACTH, produce reductions of
SWS; and intracerebroventricular administration of CRH to rats
results in enhanced wakefulness and suppression of non-REM
sleep. Recently, the specific effects of central CRH overexpres-
sion on sleep were evaluated®® in conditional mouse mutants that
overexpress CRH in (a) the entire central nervous system (CRH-
COE-Nes) or (b) the forebrain only, including limbic structures
(CRH-COE-Cam). Compared with wild-type or control mice,
both homozygous CRH-COE-Nes and -Cam mice showed
increased REM sleep. CRH hypersecretion in the forebrain
therefore seems to drive REM sleep, supporting the notion that
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enhanced REM sleep may serve as biomarker for clinical condi-
tions associated with enhanced CRH secretion.

Sleep, ANS function and stress coping: focus on PTSDs. A
strict functional link associates HPA hormones with ANS func-
tion” and, accordingly, as mentioned above, not only HPA hor-
mone secretions but also autonomic nervous activities change in
correspondence with the four sleep stages. An interesting study
has analyzed the possible correlation between EEG recordings and
autonomic nervous activities, as evaluated by means of the Heart
Rate Variability (HRV).? In fact, the frequency analysis of oscilla-
tion in R-R intervals of electrocardiography (ECG) indicate that
the HRV is a marker of autonomic nervous activity since the low
frequency component (LF; 0.04-0.15 Hz) mainly reflects both
sympathetic and parasympathetic nervous activities, whereas the
high frequency component (HF; >0.15 Hz) reflects parasympa-
thetic nervous activities. Thus, the LF/HF ratio has widely been
used as a relative marker of sympatho-vagal balance.” Moreover,
it is a well accepted notion that HRV is a non-invasive method
capable of providing a quantitative evaluation of the sympathova-
gal interactions, an evaluation that is in line with cardiac function
modulation.”®!

Autonomic activities, as assessed by HRV, show a circadian
thythm and specific changes in different sleep phases. In more
detail, HRV shows an increase in HF components and a decrease
in LF componentsduring NREM stages, and the opposite changes
occur during REM sleep. Thus, the sympathetic nervous system
is activated during REM sleep, and the parasympathetic nervous
system is activated during NREM sleep.””** According to Lechin
et al. these findings can be implemented to provide information on
the ANS changes registered in normal and stressed subjects at diur-
nal periods as well as during nocturnal periods, paying particular
attention to changes during the different sleep stages (SWS and
REM). Thus, poor parasympathetic plus high adrenal sympathetic
activities have been registered in stressed subjects, and these find-
ings are consistent with the frequent waking periods they show
during nocturnal sleep.

Heart rate variability reflects a measure of an individual’s
capacity for parasympathetic inhibition of autonomic arousal in
emotional expression and regulation® and, accordingly, a reduced
HRV has been demonstrated to give indications on the emotional
tone of a subject (see scheme of Fig. 3). In order to differentiate the
neural substrates of vagal tone due to emotion, HF-HRV param-
eters have been correlated with measures of regional cerebral blood
flow (rCBF) derived from positron emission tomography (PET)
and PO-water flux in healthy women during different emotional
states.®® Correlation was found between emotion-specific rtCBF and
HEF-HRYV, particularly in the medial prefrontal cortex. Emotion-
specific rCBF also correlated with HE-HRYV in the caudate nucleus,
peri-acqueductal gray and left mid-insula. In agreement with the
interrelationships between HRV and emotion-specific modulatory
effects in the activity of specific brain areas,” alterations in HRV
during sleep have been found in depressed patients,”””7? anxious
patients, and in those diagnosed with PTSD, as well as in chroni-
cally stressed subjects.®73

The network of brain regions that controls appetitive (approach)
and aversive (withdrawal) behaviors by regulation of visceromotor,
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neuro-endocrine and behavioral responses is known as the cen-
tral autonomic network (CAN). It includes the orbitofrontal and
medial prefrontal cortices and the central nucleus of the amygdala,
both of which project to the hypothalamic and brainstem auto-
nomic nuclei, in the region where sympathetic and parasympa-
thetic efferents to the heart originate.”* Depression is caused, at
least, in part, by functional deficits in CAN, leading to autonomic
dysregulation (hypersympathetic/hypovagal state) and to abnor-
malities of the hypothalamo-pituitary-adrenal axis and the hyper-
production of cortisol. These alterations in the neuro-endocrine
controls cause reduced flexibility in responding to environmental
demands and appropriate responsiveness.”* They also support the
assumption that HRV is an important index for the diagnosis of
mood disorders.>*”

A particular mood disorder is PTSD. It will be examined in
some detail, not only because it is a special and well investigated
pathological condition of chronic stress, which occurs following
exposure to traumatic events, but also because it can be analyzed
as a paradigmatic clinical case that supports our hypothesis on the
relationship between overloads imposed upon the processes of psy-
chic homeostasis and sleep/dreaming cycles. The epidemiological
relevance of PTSDs can be understood by noting that not only
are they observed after car accidents or sexual abuse, but also in
approximately 20% of war-zone.combat veterans. Such a syndrome
is characterized by a re-experiencing of the trauma, which is com-
monly expressed in the form of chronic trauma-related nightmares,
and of trauma-related intrusive thoughts during wakefulness.”® It
should be noted that awakening from a nightmare is associated
with a sympathetic arousal characteristic of a highly fearful state.
This results in disturbed sleep-in terms of both quality and quan-
tity, and with consequent alterations in the ability to cope with
daily life. PTSDs are thus characterized by intrusive re-experience,
avoidance and hyper-arousal reactions which persist for months
and even years after the original exposure to the traumatic event
([DSM-1V], 1994). In addition, increasing attention has been paid
to the repeated incorporation of emotionally charged waking epi-
sodes into sleep mentation. This is now a defining characteristic in
the DSM-1V criteria for post-traumatic-stress-disorder diagnosis.**
In fact, the sleep disruptions which occur following a trauma may
constitute a specific symptom involved in the patho-physiology of
chronic PTSD and its poor clinical outlook.”””®

In agreement with the already mentioned interconnections
between sleep, the HPA axis and the ANS, it has been shown that,
besides the sleep disturbance presented in PTSD, there are also
alterations in both HRV and HPA hormone secretion, indicating a
significantly increased sympathetic autonomic tone.””*® Alterations
of REM sleep (shorter average duration) have been observed to be
associated with alterations in the circadian cortisol secretion and
of HRV.®!

Furthermore, studies using induced states of psychological
stress to stimulate the HPA axis have shown a related and exag-
gerated cortisol response; this is also found in PTSD.8% As a
matter of fact, acute psycho-physiological stress was associated
with decreased levels of parasympathetic modulation during
NREM and REM sleep, and also with increased levels of sym-
patho-vagal balance, were noted during NREM sleep. Moreover,
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FUNCTIONAL INTERCONNECTIONS BETWEEN HEART AND BRAIN

Heart Rate Variability (HRV) is an index of adaptability of the organism: Subjects showing high levels of HRV
perform better under stressful conditions. Reductions in HRV have been found in depression, anxiety and post-
traumatic stress disorders (Thayer 2002, 2010; Cohen 1999)

VAGAL NERVE STIMULATION

CENTRAL NERVOUS SYSTEM

I Cognitive and
Emotional Control

Signals from the heart to the brain

NZ

are used for treatment of
depression

AUTONOMIC NERVOUS SYSTEM |

Cameron 2009

HEART RATE
VARIABILITY

HRYV is an important peripheral
index of the integrative actions of
- the brain when involved in cognitive
or emotional controls

VAGAL AFFERENCES EXERT ACTIONS UNRELATED TO THE CARDIOVASCULAR CONTROL SINCE THEY AFFECT BRAIN
COGNITIVE AND EMOTIONAL CONTROL, HENCE EUDEMONIA (Thayer and Lane 2009; Cameron 2009)

SUMMING UP:

® ARTERIAL BLOOD PRESSURE WAVES
1. HEART ACTIVITY CAN MODULATE BRAIN FUNCTION VIA4 ® HORMONES
e VAGAL AFFERENCES

2. BRAIN AND HEART ARE BOTH INVOLVED IN THE PSYCHIC HOMEOSTASIS, i.e., IN EUDEMONIA

Figure 3. Schematic representation of the multiple functional interconnections between heart and brain, according to Thayer and Lane.®> Special
emphasis is given to the action of cardiac activity on brain integrative functions. It is worth noting that vagus nerve stimulation is employed for the

treatment of neuropsychiatric disorders.c>¢” For further details, see text.

whereas the parasympathetic modulation increased across suc-
cessive NREM cycles in the control group, these increases were
blunted in the stress group, remaining essentially unchanged across
successive NREM periods. Higher levels of sympatho-vagal bal-
ance during NREM sleep were associated with poorer sleep main-
tenance and decreased delta activity.® Under basal conditions,
however, PTSD generally has been associated with lower levels of
cortisol (for a detailed analysis see ref. 83).

In the light of our proposal of a possible role of sleep and dreams
in psychic homeostasis, it should be noted that nightmares are a
common feature of PTSD and that they are frequently resistant
to treatment (see Section 4). Two emerging treatments for night-
mares are pharmacotherapy with prazosin and psychotherapy

using imagery rehearsal.®*

Possible Role of Sleep on the Homeostatic Control
of Sodium lons and Osmolarity
in the Internal Environment

The fundamental theme in Homer Smith’s book® is that evolu-
tion in general, and the evolution of renal functions in particu-
lar, have contributed to the maintenance of a constant internal
environment. It is true that maintenance of homeostasis requires
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a number of organs and systems, the kidney being the main
effector organ in mammals because it takes part in many fluid-
regulation and hormonal processes: for example, maintenance
of extracellular fluid volume, the concentration of osmotically
active substances, the regulation of plasma pH, the excretion of
unwanted products of metabolism, and the catabolism of peptide
hormones, as well as substances that modulate the effects of hor-
mones.* In addition, the kidneys metabolise proteins, carbohy-
drates and lipids, and produce physiologically active substances
regulating blood pressure, blood coagulation and calcium bal-
ance. The high dependence of the CNS upon ion composition
and osmolarity of the internal environment can be surmised
from not only the small range of physiological osmolarity values
(280-296 mOsm/L) but also from pathological observations, in
particular the inappropriate ADH secretion syndrome. The clin-
ical features of this syndrome are principally neuro-muscular,
such as confusion, lethargy, anorexia and cramps, the severity
of which is related to both absolute serum sodium concentration
and osmolarity.5¢%

Thus, as stated above, and in agreement with Homer Smith’s
view, it is suggested that, in terrestrial mammals, one of the most
important functional meanings of the integrated actions of the
various apparatuses is the maintenance of ion composition and
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especially the primacy of osmolarity of the internal environ-
ment; circadian rhythms of the organism have these features also
as one of their main goals.

This assumption can be investigated through an analysis of
the connections between sleep-wakefulness cycles, HPA hor-
mones, RAAS and ANS, all of which have been briefly analyzed
in Section 1 in connection with the homeostasis of the inter-
nal environment as well as being the means whereby the subject
copes with stress.

In this Section 2, new data of the highest relevance will be
reported, which support our proposal for a role of sleep in the
osmolarity control of the internal environment, namely the
demonstration that ADH affects sleep, and that this action is
related to osmoregulation.®® Actually, it has been demonstrated
that osmoregulated vasopressin release is facilitated during the
late sleep period (LSP) and that this action is dependent upon
the circadian activity of clock neurons in the suprachiasmatic
nucleus (SCN) which have low firing rates during the LSP.

It is well demonstrated that renal excretion of water and
major electrolytes exhibit a significant circadian rhythm that is
dependent upon both a central and a peripheral mechanism:

e Central mechanism: As mentioned above, vasopressin
release increases during the sleep of mammals, in particular a
facilitated release of ADH late in sleep has also been observed.®
These phenomena are important because they blunt the rise in
plasma osmolality caused by evaporative and respiratory water
loss at a time when water intake is suppressed.

* Peripheral mechanism: Renal transport mechanisms show an
intrinsic periodicity caused by a circadian rhythm in the excretion
of water and major electrolytes. This phenomenonis the result; at
least in part, of temporally related changes in the secretion/reab-
sorption capacities of the distal nephron and collecting ducts.®

The central mechanism is based on the closely controlled
ADH secretion by the posterior pituitary gland. Plasma osmo-
larity is monitored by osmosensory neurons located mainly in
the organum vasculosum lamina terminalis (OVLT), which is
not isolated by the blood-brain barrier. Osmosensory neurons
of the OVLT project toward vasopressin magnocellular neurose-
cretory cells (MNCs) in the supraoptic nucleus (SON) and para-
ventricular nucleus (PVN) of the hypothalamus and thereby
facilitate increased osmoregulated vasopressin release. During
dehydration, the electrical activity of MNCs is enhanced such
that a proportional relationship exists between plasma osmo-
lality and vasopressin concentration and, hence, water is reab-
sorbed by the kidney in proportion to the increased extracellular
fluid osmolality.

The SCN, where clock neurons are located, have a peak of
action potential firing rates during the night period. The neu-
rons project toward the PVN and SON, thereby modulating the
sensitivity of signals directed toward these nuclei from the osmo-
sensor neurons. In fact, SCN projections inhibit pre-synaptically
this sensory input to the MNCs during part of the daily cycle and
this inhibition is removed during the late sleep phase, resulting
in an increase release of vasopressin and water retention in the
kidneys. Thus, as Trudel and Bourque®® suggest, clock neurons

of the SCN mediate a pre-synaptic ‘silencing’ of those OVLT
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osmosensory afferent synapses which contact MNC vasopressin
neurons. This means that during the late sleep phase the silenc-
ing action is removed, and ADH is secreted and water retained.
Basically, by changing the relationship between osmolarity and
vasopressin release, the SCN is effectively modulating the ‘gain’
of this homeostatic circuit, promoting the release of vasopressin.

As far as the second mechanism is concerned it has been
shown that both the distal convoluted tubule and the connect-
ing tubule, as well as the cortical collecting duct, possess an
intrinsic circadian timing system characterized by robust oscil-
lations in the expression of circadian core clock genes. Knockout
mice exhibit alterations in water or sodium balance and sodium
excretion thythm. Hence, these mice display a complex pheno-
type characterized by partial diabetes insipidus and a significant
decrease in blood pressure.

The discovery of such a molecular clock provides the basis for
one of the possible ‘predictive’ homeostatic mechanisms namely,
a circadian timing system of the kidney that has control over
renal tubular function at both a transcriptional and a functional
level. The existence of such a ‘predictive’ component provides
the kidney with a significant functional advantage through
anticipation of changes in the organism’s requirement for water
and for solute reabsorption/secretion.

Furthermore, it can be surmised that similar predictive com-
ponents may be in operation at other another, lower organ level
and, hence, the sleep-wakefulness cycle may also have a periph-
eral origin. Thus, the mechanisms regulating sleep-wakefulness
at_the brain level affect the peripheral organs via the pituitary
hormones and the ANS. However, it should also be considered
that these organs, in turn, and as a consequence of their activities
(which are modulated by their intrinsic circadian rhythms) can
affect the brain. It should, therefore, be considered important
that there are functional regulatory mechanisms around and
within each of the peripheral organs (see Fig. 2 the box “activity
in the peripheral organs”).

In agreement with the view that there are reciprocal interac-
tions between the circadian rhythm in the brain and circadian
rthythms in peripheral organs, it has been observed that the tran-
sition from wakefulness to sleep is associated with a pronounced
decline in diuresis, a necessary physiological process that allows
uninterrupted sleep.”® Furthermore, the relations between sleep
and renal physiology have also been investigated in healthy
young volunteers by evaluating the effects of acute sleep depriva-
tion (SD) on their urine output and renal water, sodium and sol-
ute handling. SD markedly increased diuresis and led to excess
renal sodium excretion; the effect was more pronounced in men
than in women.”

Summing up, acute SD acts on several systems that govern
sodium homeostasis because nocturnal levels of plasma renin,
ANG II, and ALDO are suppressed during SD, leading directly

to reduced sodium reabsorption in the renal tubuli.
Possible Role of Sleep in Memory Processing

Sleep and epigenetic memory processes. Sensory experiences,
coded in the form of electrochemical signals, are transmitted
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to the CNS where they are translated into a biochemical code
and thence into changes in molecular and cellular networks.
As underlined by our group and others,>”"%? learning, sensory
inputs, as well as continuing development and aging, bring
about the reorganization of neuronal networks and are not
“purely neuronal” events. On the contrary, it is accompanied by
changes in glial, immune and vascular arrangements, as well as
by changes in the molecular make up of the neural extracellular
matrix. Thus, basic features of WT (e.g., dendritic spine density)
and VT (e.g., features of the extra-cellular diffusion pathways)
can be altered, as well as causing the alteration of the integrative
actions of complex cellular networks.? Furthermore, modulatory
changes can take place in the structure and composition of the
Global Molecular Network. This was surmised more than a cen-
tury ago by Apathy”*®
On this basis, our group has applied the Jacob’s concept of the
“Russian Doll”” to the organization of the CNS.”*7 According
to this view, the computational devices of the CNS are struc-

and it is still a not well explored world.

turally organized by analogy to a “Russian doll,” as a nested
hierarchy of items.” Molecular networks are nested within
cells, multimeric macromolecular complexes are nested within
molecular networks, and molecules are nested within multi-
meric macromolecular complexes. It should be noted that the
hierarchical organization, as well as the elements at each level
which are interconnected to carry out a computational task (i.e.,
the “building of the Russian doll”), is not done once for all time,
but it is often a moment-to-moment changing complex of com-
putational systems, arranged according to need and frequency
of usage. Thus, not only can information handling take place at
several miniaturization levels; but-memories canalso be stored
similarly.”®!%" Recent investigations have demonstrated how, in
some instances, information handling can propagate inside the
Russian Doll analog of the CNS to result in long-term storage
of memories. Central for comprehension has been the finding
that signal-transduction cascades can modify gene expression
by remodelling the chromatin through epigenetic mechanisms.
In other words, chromatin remodelling is a further process by
which experiences can be “imprinted”;'?*%
takes place especially during sleep.’¢1%7

A memorisation or memory process, encompasses the stages

and this process

of acquisition, consolidation, retrieval and updating. Acquisition
refers to the uptake of new information during learning and
its encoding within a vulnerable, or labile, memory trace.
Subsequent consolidation stabilizes the newly encoded memory,
and includes also the processes of enhancement and integration
with other pre-existing, long-term memories. Memory updat-
ing is both a conscious and an unconscious process, causing a
continuous rearrangement of the memory traces. Sleep, by being
a period during which complex cellular networks work off-
line, may represent a privileged period during which these pro-
cesses—and in particular the epigenetic-based ones—may occur.
Several findings support this view. For example, there is now
compelling evidence that sleep promotes the long-term consoli-
dation of declarative and procedural memories. And, moreover,
behavioral studies suggest that sleep preferentially consoli-
dates explicit aspects of memories which, during encoding, are
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possibly associated with activation of the prefrontal-hippocam-
pal circuitry.!
of sleep play distinct and complementary roles in memory

It has been proposed that the two major phases

consolidation: pre-transcriptional recall occurs during SW
sleep, and transcriptional storage occurs during REM sleep.'®”
Hippocampus-dependent, declarative memory benefits particu-
larly from SWS, whereas procedural aspects of memory seem to
benefit from REM sleep. Furthermore, it has been hypothesized
that tonic REM sleep supports off-line mnemonic processing,
whereas pulsed or phasic bursts of activity during REM may
promote memory consolidation.'® Consolidation of hippocam-
pus-dependent memories is likely to rely on a dialog between
the neocortex and hippocampus. In this regard, Buzsdki''"!'? has
suggested that sharp-wave bursts initiated in the hippocampus
during SWS, and associated with theta and gamma oscillations,
are likely to provide the mechanism(s) by which “quanta” of
information are relayed to the neocortex during memory con-
solidation. Strong support of such a view has been provided by
a recent study demonstrating a correlation between neocortical
and hippocampal activities during SWS. This finding suggests
that these hippocampal sharp-wave bursts are coupled selectively
to those neocortical cell groups which have recently participated
in the triggering of earlier bursts in the hippocampus.

According to this model, neocortical signaling to the hip-
pocampus predominates during both waking and REM sleep
periods. At the same time, feedback from the hippocampus to
the neocortex is suppressed by acetylcholine. Memory traces
encoded and temporarily stored with the hippocampal circuitry
may then be relayed back to the neocortex and associated with
relevant, already-stored traces during SWS. At this time, the
cholinergic suppression of hippocampal feedback to the neocor-
tex is released.'

Recently, an important paper has shed light upon a possible
biochemical mechanism that links epigenetic mechanisms with
memory processing and sleep.!” The amount of exploratory
behavior was correlated with the mRNA levels for BDNF pro-
tein synthesis measured within the entire cerebral cortex. That
is, the higher the induction of BDNF in the cerebral cortex dur-
ing waking, the stronger the Slow-Wave Activity (SWA; 0.5-4.0
Hz) response during subsequent sleep. In view of compelling
evidence linking BDNF with adult cortical potentiation, these
results strongly suggest that synaptic potentiation during wak-
ing, via BDNF signaling, can affect sleep homeostasis.

On the basis of this and other evidence, it has been suggested
that the homeostatic SWA response is a direct consequence of
the amount of synaptic plasticity, in particular that of BDNF-
induced synaptic potentiation, which occurs prior to awakening.
According to this hypothesis, sleep SWA should depend not only
on the duration of the period prior to awakening, but also on
the quality of awakening. Thus, there is evidence supporting a
causal link between sleep, BDNF signaling and epigenetic cod-
ing of long-term memories.

Summing up, it seems that, because BDNF is a major medi-
ator of synaptic plasticity in adult animals and facilitates the
acquisition of cortically mediated memory tasks, it can be sur-
mised that there is a direct link between the synaptic plasticity
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triggered by waking activities, the homeostatic sleep response
and BDNF. The latter should be considered as a major media-
tor of this link at the molecular level.'” Thus, in addition to
its trophic function during development, BDNF is critical for
learning-related synaptic plasticity and the maintenance of
long-term memory, possibly via epigenetic mechanisms similar
to those mechanisms which are BDNF-dependent during early
life."® The importance of these findings is further underlined
by recent evidence showing that changes in BDNF expression
which affect its release and neuromodulatory activity, and medi-
ated by epigenetic and post-translational mechanisms, are also
associated with many physiological conditions such as environ-
mental enrichment and pathological conditions (depression)
as well as with developmental experiences, such as maternal
deprivation. These investigations might also shed some light on
the proposed role of the amygdala in emotional memory forma-
tion."" In this respect, functional neuroimaging studies support
the critical involvement of the amygdala in facilitating emo-
tional memory encoding. Moreover, the role of BDNF in fear
conditioning is well defined. Thus, within the amygdala of the
rat, both fear conditioning and its extinction lead to an increase
in BDNF gene transcripts and the synthesis of this protein.!’>
Since interactions between amygdala and medial prefrontal
cortex (mPFC) play an important role in fear learning,''$12° it
has been proposed that regulation of BDNF in the prefrontal
cortex plays an important role in the tuning of the emotional
tone of mental activity that occurs during sleep, particularly
with respect to fear learning and fear extinction. Also, data
from humans allow important deductions on the critical role of
amygdala and PFC in the “cleaning” of memorised experiences.
Thus, in healthy individuals, the PFC and amygdala have been
shown to be critical for processing fearful and other emotional
stimuli, and also for the ability to extinguish fear in situations
which are no longer threatening. In contrast, patients suffering
from PTSD or anxiety disorders describe persistent anxiety-pro-
voking memories. These are severely debilitating and cannot be
extinguished.’?! Furthermore, a REM-sleep hypothesis of emo-
tional-memory processing has been proposed, the implications
of which may provide brain-based insights into the association
between sleep abnormalities and the initiation and maintenance
of mood disturbances.?? All these findings can be viewed in the
frame of our hypothesis on the special role of sleep and dreams
for psychic homeostasis.

Modulatory actions of sleep and dream mentation on the
emotional tone. The strong emotional tone of mental activity
occurring during sleep (often referred to as ‘dream mentation®?)
has long encouraged speculation about sleep-dependent affective
processing (reviewed in ref. 123). As has been discussed above,
a remarkable overlap exists between the known neurochemical
anatomy of sleep, especially that of REM sleep, and the neu-
rochemical anatomy that modulates emotions. Furthermore,
abnormal sleep (including REM sleep) coincides with almost all
affective psychiatric and mood disorders, in particular, PTSDs.?

It is still unclear whether changes in sleep composition
and dream characteristics in PTSD reflect the brain’s attempt
at functional compensation, or whether they are symptoms of
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dysfunctional processes. The two possibilities would represent,
respectively, either a feature, or a failure, of the proposed psy-
chic homeostasis (see below Section 4). The link between sleep,
dream content and psychic homeostasis is also underlined by
the observation that emotional episodic memory events pervade
the mental experience of dreaming in patients with PTSD, and
that these are potentially related to both aberrant consolidation
mechanisms and to the etiology of the disorder itself.?* In agree-
ment with such a view, it should be noted that several studies in
the last few decades have shown that nightmares can be treated
with several cognitive behavioral techniques, e.g., by direct psy-
cho-therapeutic interventions upon psychic homeostasis. Thus,
Imagery Rehearsal Therapy (IRT) is a promising method of cog-
nitive-behavioral therapy for PTSD nightmares. Although sev-
eral forms of IRT have been proposed, the patient is encouraged
to select one of his repetitive nightmares, and then to change its
story line so making it less distressing and/or bringing it to a safe
conclusion. The patient is then encouraged to rehearse mentally
(and thus consolidate) the changed dream imagery.*

This therapeutic approach postulates that different memory
representations acquired in relation to the same event may com-
pete for retrieval. Therefore, rehearsal of an alternative, positive
or neutral, image should tend to make this new memory more
accessible to retrieval—because of its more recent-consolida-
tion—than the imagery contained in the original nightmare.
Hence the nightmare scenario becomes less likely to re-occur.
The cognitive-restructuring technique of IRT has been pro-
posed as the treatment of choice for nightmares,'* and its results
can be related to a reconstruction-of the memory stores that are
consolidated during sleep (see below Section 4).

There is now considerable evidence, in both animals and
humans that SD prior to encoding can significantly, but also
selectively, alter and impair the canonical profile of emotional
memory enhancement.”? SD studies in humans have demon-
strated, in the amygdala, an amplified reaction in response to
negative emotional stimuli. It is interesting to note that this
enhanced response is associated with a loss of functional con-
nectivity with the mPFC, which may imply a failure of top-down
inhibition by the prefrontal lobe. These data support the proposal
that sleep may “reset” the correct affective brain reactivity to sub-
sequent next-day emotional challenges by maintaining the func-
tional integrity of this mPFC-amygdala circuit. This, in turn,
governs the subsequent behavioral repertoires of, for example,
more appropriate social judgments and rational decisions. In view
of the role of both amygdala and mPFC in memory processing,
it may also be surmised that, during sleep, an updating of the
memory stores takes place, especially of those stores that have a
highly disturbing emotional content (see next Section).

The Special Role of Sleep in Humans:
The ‘Predictive Psychic Homeostasis’

As mentioned above, it has been proposed that important affective
processing occurs during dreaming: sleep, and especially dream-
ing, are viewed as playing a fundamental role in psychic homeo-
stasis (see Fig. 4). In agreement with this view, neurobiological
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REM SLEEP and DREAMING are part of the VIS MEDICATRIX NATURAE (Healing Power of
Nature). They are aimed at the maintenance of PREDICTIVE PSYCHIC HOMEOSTASIS due to
their involvement in:

1. FLUCTUATIONS OF THE AUTONOMIC CONTROL DURING REM SLEEP , which could lead to an
INCREASE OF HEART RATE VARIABILITY (HRV). Hence, REM sleep may play role in increasing the
ABILITY OF THE SUBJECT TO COPE WITH DISTRESS (Cameron 2009; Lane and Wager 2009)

2. NIGHTMARISH DREAMS , which can be thought as an AUTO-FLOODING PSYCHOTHERAPY. Flooding
is a technique in which the patient receives abrupt and intense exposures to fear-producing situations
in order to REDUCE THE PATIENT’S ANXIETY VIA ACCELERATED DESENSITISATION

dreams” (Leopardi 1826)

3. DREAMING PLEASANT IMAGES , which can be thought as a SUPPORT PSYCH OTHERAPY.
“in ancient times, before going to sieep, people customarily prayed to Mercury to have pleasant

om‘c HEART RATE HRY BETTER COPING
- puto? - TUNING INCREASE WITH DISTRESS
T1atio
SLEEP osc® e
Py MEDICATRIX
"apy — 'l PLEASANT IMAGES | COMPENSATORY NATURAE
”gs PLEASANT IMAGES
IMAGERY ~A| NIGHTMARES I 7O REGAIN
REM SLEEP POSSESSES MECHANISMS FOR EUDAEMONIA
TEMPERING ANXIETY (Fisher 1970)

Figure 4. Schematic representation of some aspects of the present hypothesis of ‘Psychic Predictive Homeostasis’ (PPH). The main assumption is that,
together, sleep and dreaming play a role in the maintenance of psychic homeostasis in a predictive mode. Thus, sleep and dreaming are aimed not
only at correcting the psychic allostatic loads suffered by the subject during the daytime, but also at preparing him for the likely psychic loads of the

next day. For further details, see text.

findings in humans demonstrate that, during sleep, there occurs
an overnight modulation of affective neural systems as well as the
(re) processing of recent emotional experiences®. Both phenomena
appear to address the question of what should be the appropriate
next-day reactivity of limbic and associated autonomic networks.
They also point to the special role played by sleep and dreams in
psychic homeostasis, a phenomenon which should be considered
not simply as an updating of the neuro-endocrine controls for
that particular type of homeostasis, but rather as contributing
to a PPH.

In order to clarify further the present proposal on the func-
tional meaning of sleep and dreams, two classical concepts will
be used:

e The homeostasis concept embodies the maintenance of a
dynamic balance of physico-chemical parameters of the internal
environment (see above and Fig. 1). A new type of homeostasis,
a so-called “psychic homeostasis” (eudemonia, which is an auto-
regulated state of well-being) is the analog of the physiological
homeostasis and is one which maintains a dynamic balance
within the psychic sphere. This psychic homeostasis has obvi-
ously unique features in humans.”

* Jacob’s concept of evolutionary tinkering, in which it is
held that evolution tinkers together contraptions, allows natural
selection to give direction to changes, orient chance, and slowly
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and progressively produce more complex structures, new organs
and new species. Hence, novelties come from unexpected associ-
ations of old material.“* It is surmised that evolution also tinkers
old processes to produce novel functions, which may be of para-
mount importance for the adaptation of a species to novel sur-
roundings. We could propose that the ancient processes of sleep
and dreaming have been tinkered to produce a novel function in
humans—the PPH—which is of vital and, adaptive importance.

Let us briefly discuss these two aspects:

The classical term ‘homeostasis’ is due to Claude Bernard
(1813-1878) ' and Walter Cannon (1871-1945),'*° both of
whom proposed that the functions of certain physiological sys-
tems of a multi-cellular organism have as their final goal the
maintenance of the constancy of composition of the internal
environment, this being mainly comprised of the liquid which
bathes the cells of the organism and by means of which they
exchange solutes and metabolites within the nested levels of the
organism within its environment. This condition of dynamic
constancy is called homeostasis.

The maintenance of homeostasis implies an energy cost.
Thus, McEwen, in his consideration of homeostasis, introduced
three important additional concepts:'?

- allostasis: the process by which the organism actively adjusts
the activity of its systems in order to maintain the stability of
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the internal environment, notwithstanding the challenges due
to changes of the external environment;

- allostatic load: which represents the cumulative energy cost
to the body for the allostatic process;

- allostatic overload: a state in which the compensatory
actions of the organism are overwhelmed, in consequence of
which serious pathologies can occur.

The concept of PPH has been proposed by analogy with the
concept of physiological predictive homeostasis of the internal
environment. Thus, it has been proposed that the human organ-
ism in toto has as its main goal not simply the homeostasis of
the internal environment but also a ‘psychic homeostasis’. The
homeostasis of the psyche predicates a state of emotional balance
that can be markedly altered during psychic disturbances, such
as depression, paranoia and post-traumatic anxiety” or even in
conditions of excessive stressful inputs which bring about psy-
chic allostatic overload.

Thus, as mentioned above for the homeostasis of the internal
milieu, there should also be allostatic overloads for the psychic
homeostasis which affect cognitive and emotional controls and,
hence, lead to psycho-somatic diseases.

Taken all together, we suggest that evolution has tinkered old
functions, such as the resetting of the complex cellular networks
of ANS and CNS, as well as the epigenetic processes concerned
with memory storage. In addition, there is an evolutionary input,
via tinkering of the psychic elements of dreaming during sleep,
and of fear and its processing during dreaming. This novel fear-
processing function is also involved in the maintenance of the
‘psychic homeostasis’. By means of its circadian, or clock-type of
regulation, a ‘predictive’ processing is also introduced (see also
ref. 128). Thus, although the tuning of the ANS and associated
neuroendocrine responses prepares the subject for the challenges
of wakefulness, as well as consolidating memories, both of which
are functions of sleep in humans and in other animals, dreams
also have a special and unique function in humans: the PPH.
Not only do dreams possess a psycho-therapeutic action as the
Balm of hurt minds (Shakespeare Macbeth Act II Sc II) but their
recollection can also bring into daily life a predictive element
due to the topic recalled (a fear, say, or an ever-present anxiety).
These could be in the form of anxiety dreams rather than of the
more crippling nightmares. Dreaming may have led to solutions
to anxious problems via a ludic processing'? (see below).

Moreover, it may be surmised that while consolatory dreams
work as an auto-psychotherapy of support®, nightmares can play
a role as an auto-flooding therapy. As a matter of fact, flooding
is a form of behavior therapy? based on the principles of respon-
dent conditioning. It is a psychotherapeutic technique used to
treat phobia and anxiety disorders, including PTSDs. It works
by exposing the patient to their painful memories, with the
goal of reintegrating their repressed emotions with their current
awareness.

As mentioned above, one of the main symptoms of the mental
disorders of nightmares and PTSD is the re-experiencing of the
original trauma. It is this which is commonly expressed in the
form of chronic trauma-related nightmares. In these patients,
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nightmares can fragment sleep, decrease sleep quality, and even
cause fear about going to sleep. One promising psychological
treatment for chronic nightmares is imagery rehearsal therapy
(IRT). IRT presumes that nightmares are a learned behavior,
and that activating the visual imagery system may facilitate
emotional processing of the trauma. This treatment involves
deliberately rewriting a nightmare while awake, and then men-
tally rehearsing images from the newly scripted scenario in prep-
aration for sleep and memory reprocessing. Accordingly, IRT
has been found to reduce nightmares and associated distress.'*!

Final Comments

Three important theories have recently been put forward as
functions for sleep and dreaming, namely:

e The threat simulation theory.'? According to this theory,
dream consciousness (of non-aggressive, mild anxiety states) is a
mechanism for simulating threat perception and rehearsing threat-
avoidance responses and behaviors.

* Costly signaling theory."® In relation to the former theory,
dreams can facilitate production of signals when they produce
some daytime effects on memory, mood or behavior that commu-
nicate a message to an observer.

e Simulation theory in a ludic context.!” Dreaming can be
best understood as an expression of an innate capacity for playful
creativity.

The present proposal of PPH maintains that sleep in humans
is not simply involved in metabolic restoration; nor is it a careful
orchestration of the circadian rhythms of the peripheral organs,
with primacy being given to the precise control of natraemia,
osmolarity and thermoregulation.’**'** Rather, and in agreement
with the above-mentioned three theories, sleep and dreams in
humans are involved in psychological processes of a fundamental
importance for the maintenance of psychic homeostasis, and that
this process can take upon itself a predictive form. To this end, the
epigenetic processes occurring during sleep allow a profound reset-
ting of the ANS and CNS complex cellular networks. In conclu-
sion, dreams in humans can be thought as an example of the “vis
medicatrix naturae,” allowing a type of auto-psychotherapy which
can be of the highest importance for the eudemonia.

Note

*Spectral analysis of heart rate variability provides a noninvasive
technique for indirectly measuring sympathetic and parasympa-
thetic modulation during sleep.”®

"The sleep that knits up the ravelled sleave of care,/The
death of each day’s life, sore labor’s bath,/Balm of hurt minds,
great nature’s second course,/Chief nourisher in life’s feast.
(Shakespeare Macbeth Act II Sc II).

Gli antichi avanti di coricarsi solevano orare e fare libazioni
a Mercurio, conduttore dei sogni, accio ne menasse loro di quei
lieti [ In the ancient times, before going to sleep, people were used to
pray Mercury to give them pleasant dreams] (Leopardi Operette
Morali 1826). Several examples of dreams as ‘auto-psycho-
therapy of support’ are reported in the Bible. One for all is the
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Jacob’s dream of a ladder connecting the earth with the sky.

The dream offered to Jacob a strong psychological support in a

critical situation.

Lido VE, Italy.

4Flooding was invented by psychologist Thomas Stampfl in

1967 and it still is used in behavior therapy today.'?°
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